The effects of extreme flooding at Lake Constance on the content and composition of amino acids in Phragmites australis were studied at nine reed stands with different degrees of damage. Following the flood damage. we discovered a complex die-back syndrome which is characterised by a decrease in total culm density from 32 to 4 culms m-2 , an increase in percentage of secondary shoots by 70% and decline in mean culm biomass by 27 g dry wt. Furthermore, areduction of total carbohydrates by 60%, starch by 56--70% and soluble sugars by 49-59% in the vertical and horizontal storage rhizomes was found, together with changes in the composition of amino acids in the basal culm internodes. Within primary shoots from extremely damaged reed stands we found a significant increase in the total content of amino acids (150 versus 40 \-Lmol amino acid g-I dry wt. in undamaged stands). Asparagine (Asn) contributed one ofthe largest fractions to total amino acids, on average about 25% in undamaged reed stands. In contrast, the main amino acid of primary shoots from extremely damaged reeds was not Asn 05%) but -y-aminobutyric acid (Gaba). (ts share was 36% in primary shoots and 48% in insect-infested primary shoots, respectively. This is the highest Gaba content reported in P. australis. The significant increase in the share of -y-aminobutyric acid in shoots from extremely damaged reed stands was accompanied by an increase in alanine. These 
Introduction
The common reed Phragmites australis (Cav.) Trin. ex Steud. (Poaceae) grows in a wide range of habitats, including the littoral zone of most European lakes and rivers. Although very commonly found in these areas, a significant decline in reed belt area has been observed at approximately 60 lakes in Europe. A lot of ecological factors have been made responsible for the die-back of reed, and many studies have tried to discover ecophysiological mechanisms and tolerance limits of P. australis (see Ostendorp (1989) , Van der Putten (1997) and Brix (1999) for a review). During the late 1960s and 1970s a rapid dec1ine of aquatic reed beds was observed in Lake Constance due to an extreme flood in 1965 (Ostendorp, 1990) . Again, in 1999 extreme flooding occurred. Water levels rose very early in the season to the third highest on record since daily water level records began in 1817. The maximum water level was reached already in mid May and lasted exceptionally long (approximately 2 months). During the vegetation period of 1999, the reed belts showed a severe loss in vitality so that permanent damage could be expected. Therefore, a monitoring project was established, which focused on the documentation of future developments, the identification of co-factors, and was designed to find out significant stress factors that might impede the recovery of the reeds (Schmieder et al., 2002; Ostendorp et al., 2003) .
Flooding, insect or fungal infestation, mechanical damage and loss of culms can reduce the convective gas flow to the basal parts of the reed plants (Armstrong et al., 1996) . This leads to an oxygen deficiency in the roots and the rhizomes, changing the metabolie status of the whole plant. Fermentation processes may become active producing ethanol, lactate and some other compounds (Brändle and Crawford, 1987) . Presumably, the shift in central metabolie pools is reflected by changed amino acid patterns in the rhizomes and in the basal cuIm internodes of P. australis (Kohl and Henning, 1987; Haldemann and Brändle, 1988; Kohl et al., 1998) . This amino acid pattern could possibly be used as an indicator of the anaerobic status of root metabolism.
In this paper we link the visible impact of extreme flooding on the stand structure and the aboveground biomass of aquatic reed belts in Lake Constance with (I) the content of dissolved amino acids in the basal shoot internodes of differently damaged reed stands, (2) the pattern of amino acid composition, and (3) the carbohydrate content in the rhizomes. We also discuss the significance of certain amino acids as indicators of the hypoxie status of metabolism in damaged P. australis stands.
Materials and methods

Site description
279
By area and volume Lake Constanee is the seeond largest prealpine European lake. The lake is divided into a deep Upper Lake ("Obersee") and a Lower Lake ("Untersee") with gently sloping shelves and broad reed behs. Lake Constanee is eharaeterised by almost natural annual water level fluetuations, sinee its outflow has not been modified. More than 90% of the water inflow comes from the alpine catchment. The minimum water level usuaUy oceurs in January or February due to immobilisation of preeipitation as snow and ice in the alpine eatehment and is highest in June/July due to thaw. The amplitude of the yearly mean water level eourse is 1.43 m (Luft and van den Eertwegh, 1991) . In 1999 an extreme high water level event oceurred (Sehmieder et al., 2002; Ostendorp et al., 2003) . The results presented in this paper refer to Lake Constanee-Untersee only.
Field sampling
Along with the visual evaluation of eolour infra red (CIR) aerial photos, five degrees of damage were defined. These ranged from GI (not damaged) over G3 (signifieantly damaged) to G5 (extremely damaged) aeeording to the pereentage of red eoloured area (i.e. intaet Phragmites stands) and the degree of disintegration of the reed bed (for details, see Sehmieder et al. (2002) ). Nine stands at the lakeside reed border (three in the GI, G3 and G5 group, respectively) were seleeted for sampling. Stand strueture measurements were performed at the time of peak standing erop in late August 2000, culm basal internodes were sampled during the first week of September, and the rhizomes were dug out in early Mareh 2001, about 6 weeks before the beginning of growth of the new shoot generation. Along with the rhizome sampling, sediment cores (0-20 em depth) were taken using hand-driven Perspex tube of 4 cm diameter.
Aeeording to the stand strueture and the basal internodes, three shoot classes were distinguished: (i) primary (flowering) shoots (PSH), (ii) seeondary (replaeement) shoots (SSH) and (iii) inseet-infested shoots (shoots with an apical gaU formed by Lipara sp., Dipt., Chloropidae) (ISH). Stand strueture, eulm morphology and aboveground standing erop measurements were the same as deseribed in Sehmieder et al. (2002) . Sedimentological variables were measured aeeording to Ostendorp and Blum (1998) .
For amino acid analysis, five randomly seleeted eulms in eaeh shoot class (exception: at G5-stands not aU types of shoots were abundant) were c1ipped at ground level. The basal internodes were detaehed, cleaned with deionized water, and immediately frozen in liquid nitrogen.
The rhizomes were dug out from the soH down to a depth of 0.6 m. According to their position in the polykorm body, the rhizome pieees were grouped into vertieal rhizomes of that year (RVN), older vertieal rhizomes (RVA), and horizontal storage rhizomes (RHO). Approximately 10-20 internodes were searehed for holes bored by larvae of the reed beetle Donacia clavipes Fabricius, Col., Chrysomelidae. SubsampIes of eaeh pieee were kept at 4°C and processed on the same day, eleaned, lyophilized and homogenised in a eentrifugal mill (particle size <40 j.Lm).
Analyses ofdissolved amino acids
After freeze-drying at -20°C in a vacuum evaporator (Christ, Germany), the sampies were homogenised in a swing-mill MM 2000 (Retsch, Germany) in liquid nitrogen. Approximately 70-80 mg of powdered sampies were extracted three times with 80% (v/v) ethanol at room temperature and centrifuged (5000 x g). Norleucine as an internal standard was added to the sampies during extraction and the first step of extraction included a treatment in an ultrasonic bath (10 min, 4 0C). An aliquot ofthe combined supernatants was purified by ultrafiltration through U1trafree-MC-membranes (Millipore Corporation, USA), freeze-dried and redried in methanol/sodium acetate/triethylamine (2:2: I, v/v) at 4 oe. The extracted sampies and standard mixtures of amino acids were derivatised with phenylisothiocyanate to give phenylthiocarbamyl amino acids, using the Pico-Tag® method for free amino acids (Bidlingmeyer et al., 1984; Cohen and Strydom, 1988) , and freeze-dried at4 oe.
Sampies were re-dissolved in phosphate buffer, and separated and detected using an HPLC system (Kontron, Germany; gradient pump system 525, autosampier 565, Sentry nova pak C 18 precolumn, Pico-Tag® column for free amino acids (Waters Corporation USA, 3.9 mm x 300mrn), UVNIS detector 535 (at 254nm)) according to the Pico-Tag® method with modifications of eluents (cf. Hagen et al., 1993; Cohen, Waters Corporation, personal communication) . Different compositions of eluent ingredients were tested. The following gave the most satisfactory results in quantification of disso1ved amino acids. Eluent 1: 975 mL of 0.07N sodium acetate trihydrate, titrated to pH 6.5 with glacial acetic acid, mixed with 25 mL acetonitrile, then an addition of200 IJ.,L fresh solution of 1 mg EDTA mL-I deionized water. Eluent 2: 600 mL acetonitrile and 400 mL deionized water measured separately and then mixed, with an addition of 1 mL fresh solution of 1 mg dithiothreitol mL-I methanol. Standard mixtures of amino acids were used for identification and quantification ofthe sampies. The totals of dissolved amino acids (TotAA) are given as the sum of all 20 detected and quantified amino acids. The contents are given in absolute (IJ.,mol g-I dry wt.) and relative (percentage of TotAA) units.
Carbohydrate analyses
About 50 mg of homogenised and dried rhizome powder were extracted with 5 mL 80% (v/v) ethanol (63°C, 20 min), washed and centrifuged. The supernatant was analysed for soluble sugars. The residue was extracted with 15 mL 1.6 mol L-1 perchloric acid (70°C, 120min) to determine the content of structural carbohydrate reserves. The concentration of sugars in each extract was determined by the anthrone reaction (McCready et al., 1950; Whistler et al., 1962) with glucose (0-0.05 mg L-I final concentration) as standard.
Statistical analyses
The data were processed statistically using ANOVA followed by Newman-Keuls multiple range test (P < 0.05) to determine which means differed significantly (indicated with different capitalletters in the diagrams). Spearman rank correlation coefficients (r s ) were calculated using pooled data from all reed stands and all types of shoots at a level of significance P < 0.01. Data from one degree of reed damage or one type of reed shoot were also used.
Results
Response of aquatic reeds to the extreme flood of 1999
The flood of 1999 was extreme because (i) it was the third highest water level ever recorded at Lake Constance since 1817, (ii) arrived very early in the season, from mid May onwards, and (iii) lasted longer than usual, until the end of lune (Fig. 1 ). Therefore the high water level covered the first half ofthe growth period ofP. australis. Many shoots, especially in the lakeside aquatic reeds were submersed, stopped their growth and died down after a few weeks. At the end of the season many stands exhibited a low shoot density and a low percentage of primary shoots. The shoots were often bent down to the water surface, and a great part ofthe leafbiomass was lost by grazing or by drowning and wilting (see Schmieder et al. (2002) for details).
Between summer 1998 and summer 2000 about 20% (Le. 24 ha) of the aquatic reeds (German shoreline at Lake Constance-Untersee, only) died back (Schmieder et al., 2002) . The fail area formed a fringe along the lakeside reed border, indicating that the elevation of the stand relative to the long-term mean water level of Lake Constance was an important factor. Additional to this general pattern, a high long-shore patchiness of more or 1ess thinned stands was observed, so that other co-factors must have influenced the degree of damage. No rehabilitation or recovery was observed between 1999 and summer 2000. 
Donacia infestion and carbohydrate content of the rhizomes
Stand structure, culm morphology and standing crop
In former years, normal shoot density in Lake Constance reeds numbered 25 to 35 m-2 . A year after the flood, this density level was reached only by the 'undamaged stands' (GI) whereas in the 'significantly' (G3) and 'extremely' damaged (G5) stands the density was much lower (Table 1 ). The shoot class composition was also significantly affected since the share of stout primary shoots (PSH) were significantly reduced in damaged stands and absent from the most damaged stands. The percentage of secondary shoots (SSH) was raised significantly with increasing damage. In former years normal values reached ca. 50-70% for PSH but not more than about 30% for SSH (Ostendorp, unpublished data) . The culm architecture within each culm class was also affected by the flood. As an example, the mean shoot height in each shoot class decreased with an increasing degree of damage, and the average culm biomass (weighted means over all shoot classes) decreased from 39.4 to 12.3 g dry wt.
When we dug up the rhizomes in early March 2001, we saw that many rhizome internodes had been infested by Donacia larvae identified by the typical bore holes through the internode wall and from the vein-shaped necroses along the internode. The larvae and the pupae, however, had disappeared at that time. The percentage of infested rhizomes varied from 0 to 80%, and reached more than 35% on average in the G3 and G5 group ( Table 2) . The infestation rate did not significantly depend on any sediment quality variable.
The concentration of non-structural carbohydrates was strongly affected by the degree of damage, both in the older vertical rhizomes (RVA) and in the horizontal rhizomes (RHO). The mean total carbohydrates in the RVA declined from 391 mgg-1 (RHO: 454mgg-1 ) in the GI group to 172 (188) mg g-l in the G5 group. Similarly, the concentrations of dissolved sugars and starch fell in the G5 group by half or up to one-third respectively of the concentration in the GI group (Table 2 ). The carbohydrate concentrations neither depended significantly on the degree ofDonacia infestion, nor on sediment quality variables. 
Content ofdissolved amino acids in basal culm internodes of reed with different degrees ofdamage
The total content and the composition of free amino acids (AA) in basal culm internodes revealed differences between different P. australis stands at Lake Constance-Untersee. The mean total content of amino acids within primary shoots (PSH) of the three undamaged reed stands G 1-7, G 1-8, and G 1-28 ranged between 24 and 57 f.Lmol g-l dry wt. (Fig. 2) . The significantly damaged stands G3-3, G3-21, and G3-26 contained 38-64 f.Lmol AA g-l dry wt. A significant higher amount of 150 f.Lmol AA g-l dry wt. was measured in basal culm internodes of the extremely damaged stand G5-23. Similar relationships were found in insect-infestedshoots (ISH): 21-87 f.Lmol AA g-l dry wt. at Gl ,52-72 f.Lmol AA g-l dry wt. at G3 in contrast to 193 f.Lmol AA g-l dry wt. at the reed stand with the most damage (G5) (Fig. 3) , and in secondary shoots (SSH): 15-47 f.LmolAAg-l drywt. at GI reed stands, Table I Elevation, stand structure, culm morphology and aboveground standing crop of nine P. aus/raUs stands at Lake Constance with different degrees of damage in September 2000. GI: not damaged, G3: significantly damaged, G5: extrernely damaged, means ± 95% CL of total AA content, n = 3-4 sampies, different letters indicate statistically significant differences. x 2 = 6.0, P = 0.05 46-821J.mol AA g-I dry wt. atG3 stands and 126IJ.moi AAg-I dry wt. atG5 stands (Fig. 4) . That is, there was no differentiation in total AA content (a) between types of shoots and (b) between shoots of GI and G3 reed stands. However, there was a significant difference in AA content in extremely damaged reed stands. Reed from G5 stands had significantly higher AA contents than reed from the other stands, especially in insect-infested shoots (lSH).
Composition ofdissolved amino acids in basal culm intemodes of reed with different degrees ofdamage
Not only the mean content but also the fractions of individual amino acids within the pool of free AA of investigated reed stands revealed differences. These differences were especially striking for sampies from extremely damaged reed stands (G5). This concemed as weIl the absolute content of single amino acids (Figs. 2-4) as their relative share (Figs. 5-7 ). There were 20 amino acids found within Phragmites shoots from Lake Constance. Among these 20 detectable AA, only asparagine, glutamine, glutamate, alanine, tyrosine, and 'Y-aminobutyric acid amounted to approximately 10% or more of total amino acids. Asparagine (Asn) contributed one of the largest fractions to TotAA. It amounted on average to about 25% of total AA at less damaged reed stands. Alanine (Ala) also amounted on average to more than 10% in all sampies and more than 15% in ISH shoots from G5 stands. In contrast to GI and G3 stands, the main AA of primary shoots and insect-infested shoots from extremely damaged reeds (G5) was not Asn (15%) but 'Y-aminobutyric acid (Gaba). Its share was 36% in PSH and 48% in ISH, respectively. Whereas in secondary shoots from G5 stands Asn (50%) was again the main AA (Gaba: 7%). The relationship between significantly damaged, G5: extremely damaged, means ± 95% CL of total AA content, n = 3-4 sampies, different letters indicate statistically significant differences. 
250,---------------------
GS-S G3-2S
o single amino acids and their total fraction was further investigated by correlation analyses of pooled data of all reed stands (01,03, 05) and types of culms (PSH, SSH, ISH). It was evident that the absolute content of most amino acids was positively correlated both with the sum of amino acids, and with each of the other amino acids. The comparison of the percentage of single amino acids of the total fraction revealed different specific relationships. It confirmed a significant negative correlation between Asn and Oaba (correlation coefficient, r s = -0,4), i.e. an increasing Asn content with decreasing Oaba. Relative Oaba content showed a positive correlation only with Ala and Pro (rs = 0.5). The share of Asn decreased with decreasing Oly (rs = 0.4) but with different increasing AA. Comparing the relative AA contents from damaged reed stands (03 and 05) alone, the significant correlation between AA were the same, but the coefficients were obviously higher (about -0.8 and 0.8 respectively).
Relation between amino acid concentration, culm morphology and carbohydrate content
The total AA concentrations in the PSH and in the SSH were significantly correlated (r = 0.943, P < 0.01, n = 6), but no such relation between SSH and ISH, nor PSH and ISH was detected. The total AA content and the concentrations of selected amino acids (Oaba, Asn, Ala, Pro) were significantly correlated with some habitat and sediment variables, with the shoot density and the stand structure, and with the concentrations of carbohydrates in the older vertical rhizomes (RVA) and the horizontal rhizomes (RHO). Table 3 gives a concise overview. The relation between the relative elevation and total AA and the above mentioned AA species was always negative, Le. the higher the elevation, the lower the concentrations of amino acids. Almost no significant correlations were detected with the water content and the content of organic matter in the sediment, and the percentage of Donacia infestion. The shoot density was negatively correlated with total AA content and with the concentrations of single AA. The percentage ofsecondary shoots were in all significant cases positively related with the AA content. The carbohydrate concentrations and the AA contents were, generally, negatively correlated. Many significant cases were concentrated in the total carbohydrate data of the RVA which are nearest to the basal internodes from which the sampies for AA analysis were taken. Ala was the amino acid for which this negative relation was most evident.
Discussion
From recent investigations it is known that the pattern of amino acids of different P.
australis stands differ Rolletschek et al., 1998; Koppitz et al., 1999 Our investigations build on these earlier studies on amino acid composition which have usually had to be retrospective and much less focused on specific events. Now, it has been possible to link the results immediately to a known extreme event. The results demonstrate that amino acid analysis can indicate which stands may be under stress. The greater or lesser flood-affected reed stands at Lake Constance differ both in their absolute contents and in their composition of single amino acids. Culm bases of extremely damaged reed stands exhibited a significantly higher total content of amino acids than those from lesser affected stands. We hypothesise that this is areaction to the initial stress to the reed due to extreme flooding during summer 1999. Similar results from other plant species support this concIusion of a stress-induced increase in the amino acid content (Sircelij et al. , 1999; Zushi and Matsuzoe, 1998) . Furthermore, in recent investigation it was shown that reed plants grown in flooded parts of a fen area revealed a significantly higher total amino acid content together with a lower total content of carbohydrates than those in unflooded areas (Koppitz, 2004) . This finding was considered a result of the oxygen shortage in the soil.
Plants are able to synthesise all essential amino acids that are necessary for protein synthesis. Among the 20 amino acids which could be identified in Lake Constance reeds only six (asparagine, glutamine, glutamate, alanine, tyrosine, 'Y-aminobutyric acid) amounted to approximately 10% or more of total amino acids. We found differences in the share of individual amino acid species (i) between reed stands with varied degrees of damage (0) 40% '8 .".,. ' 8
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..: ..: ..: cO cO cO cO cO cO ..; ..; ..; and (ii) between shoot typeS. Asparagine was one of the dominant amino acids, having approximately 25% of the total content of ftowering or insect-infested primary shoots at undamaged and obviously damaged stands, and about 15% at extremely damaged reed stands. These findings agree well with earlier results which show that Asn is the main storage-and transport-compound of the intermediate N metabolism in P. australis Rolletschek et al., 1998; Koppitz et al., 1999) .
'Y-Aminobutyric acid was a further dominant AA. The percentage of Gaba at some stands or types of shoots reached also much more than 10%. Gaba accumulated especially at extremely damaged reed stands and in insect infested shoots (ISH) due to the stress of ftooding. At these reed stands it amounted to about half of the total amino acids content. This is the highest Gaba content which has been reported so far in P. australis. Furthermore, the Gaba content increased along with an increase in alanine and proline.
Proline and 'Y-aminobutyric acid are supposed to be stress indicators. Their behaviour and accumulation in different stress conditions have already been investigated in various plant species (Dashek and Erickson, 1981; Narayan and Nair, 1990) . Gaba can accumulate very rapidly in a variety of plant tissues exposed to different stress conditions, in response to hypoxia, coldness, and mechanical impact (Streeter and Thompson, 1972; Wallace et al., 1984; Bown and Shelp, 1989) . There is evidence that Gaba acts as a temporary storage of nitrogen during physiological1y unfavourable conditions (Sonntag and Mahn, 1998) . As a result of recent investigations Kinnersley and Turano (2000) discussed the physiological Relative elevation, elevation of the reed stand relative to the mean water level; RVA, older vertical rhizomes; RHO, horizontal storage rhizomes; symbols: +, ++, +++, -, --, ---, significantly positive or negative rank correlation (Spearman), P < 0.05, P < 0.01, P < 0.001. role of Gaba in stress mitigation of plants. Gaba accumulation was thus explained by two mechanisms: (l) stress factors such as cold, heat, salt, and mild or transient environmental factors such as touch, wind, rain, etc. will rapidly increase cellular levels of Ca2+. This stimulates the calmodulin-dependent glutamate decarboxylase activity and thereby the Gaba synthesis. (2) Stress causing metabolie and/or mechanical disruptions may lead to cytosolic acidification, and induce an acidic pH-dependent activation of glutamate decarboxylase and therefore an enhanced Gaba synthesis rate. A strong decline in cytosolic pH can occur under oxygen deprivation, being the primary stress factor in flooded soils, and this stress induces the greatest accumulation of Gaba.
P. australis exhibits an outstanding capacity to vent its underground tissue by pressurised gas-throughflow, to supply oxygen from the atmosphere to their roots and rhizomes, which grow in the flooded, anoxie sediment, and to remove microbial metabolie end products (CH4, C02) from the rhizosphere (Armstrong and Armstrong, 1990) . A reduced convective gas-flow rate affects the oxygen supply and may induce hypoxia in the below-ground organs (Annstrong and Annstrong, 1990; Brix et al. , 1992) . Convective gas flows may be impaired by a change of the water level, by the mechanical damage of culms, insect and fungal attack or by callus formation (Armstrong et al., 1996) . This hypoxia stress may induce an increase of Gaba within severely damaged reed stands, as shown in our study. We hypothesise that the anaerobic metabolism which leads to an exhaustion of carbohydrate reserves in extremely damaged reeds, leads at the same time to an accumulation of Gaba. Additional stress factors such as mechanical damage to the surviving shoots or infestation by gall-forming insects (ISH) may intensify this process. Secondary shoots emerge from subapical buds on the upper vertical rhizome nodes when the apical dominance of the original primary shoot is weakened. This being due to mechanical damage or destruction of the upper part of the primary shoot. They are a compensatory response of the reed stand to biomass loss. This may be the background to asparagine-generally the main transport compound of the N metabolism of reed-being the dominant amino acid in secondary shoots. The reduced oxygen supply to parts of the plants below ground causes a metabolic shift towards anaerobic processes (Brändle and Crawford, 1987) together with a change in central metabolic pools in the cell (Kohl et al., 1978; Armstrong et al., 1994) which in turn affects the amino acid metabolism Rolletschek et al., 1998) . The limited oxygen supply leads to a decrease in respiratory phosphorylation and to the accelerated consumption of carbohydrate reserves from the rhizomes to stabilise the adenylate energy charge (AEC) (Cizkova-Koncalova et al., 1992; Armstrong and Armstrong, 200 I) . Therefore, reed die-back sites often exhibit lower total non-structural carbohydrate (TNC) concentrations than unaffected sites (Dinka and Szeglet, 1999) . This was demonstrated also in our study, where the TNC content was highest in the 'undamaged' reeds group (G I) and decreased to an average between 172 and 188 mg g-I in the 'extremely damaged' reed groups. We propose that a concentration of approximately 100-150 mg g-l could be the minimum requirement for sustained survival of a reed stand. However, these figures are higher than annual minimum values stated in other literature (e.g. Dinka and Szeglet, 1999, Cizkova et al., 2(01) .
The limited oxygen supply and decrease in respiratory phosphorylation also leads to an accumulation of glycolytic intermediates, such as pyruvate. Such products are removed from the metabolism by transamination of pyruvate and 3-phosphoglycerate to alanine and serine. This leads to a weakening of the end product inhibition of the glycolysis so that the glycolytic metabolism is acce1erated (Good and Muench, 1993) . The advantage of this pathway is that the anaerobic ATP production is combined with the avoidance of cytosolic acidification (Roberts et al., 1992; Crawford et al., 1994) and the assimilation of nitrogen (Kohl and Henning, 1987) . The accumulation of alanine and serine in addition to Gaba in response to anaerobic metabolism has been described in various plant species, including P. australis (Kohl and Henning, 1987; Haldemann and Brändle, 1988; Good and Muench, 1993; Rolletschek et al., 1998) . In this study, an increase of the amino acids Ala, Ser and Gaba was identified in extremely damaged reed stands within Lake Constance, indicating oxygen deprivation, whilst the percentage of Asn decreased. In primary shoots from these stands the content of Ala + Ser + Gaba was 55% of total-AA and in insect-infested shoots it amounted to 67% (in comparison to about 30% in lesser or undamaged reed stands), caused by a strong increase of Gaba and a slight increase of Ala.
As a consequence of the flood damage to lakeside reed from May and June 1999 we found a consistent pattern of a die-back syndrome, characterised by a strong decrease in total culm density, an increase in percentage of secondary shoots and a decline in mean culm biomass.
The die-back syndrome is further characterised by a reduction of TNC, starch and soluble sugars in the vertical and in the horizontal rhizomes. In correlation with the above results an increase in total AA content and changes in the amino acid composition in the basal cuIm internodes, namely an increase in the contents of Gaba and Ala was also noted. The amino acid pattern of P. australis is assumed to be an indicator of the aerobiclanaerobic status of the metabolism in the plant tissue. Changes in the composition of amino acids are shown to be useful as indicators of stress, such as oxygen deprivation. In this investigation in primary shoots from extremely damaged reed stands, there was found (1) a significant increase in total content of amino acids and (2) a significant increase in the share of -y-aminobutyric acid and a slight increase of alanine. This hints to a strong impairment of the extreme flooding having caused a mechanical damage of culms and a reduced oxygen supply on the metabolism and thus possibly on the vitality of reed stands. To summarize, the results demonstrate that amino acid analysis can indicate which stands may be under stress.
